17oc-hydroxyprogesterone, androstenedione, testosterone, oestrone and oestradiol-17/3. As a result of these in vitro investigations, there is good evidence to suggest that the biosynthetic pathway for the formation of ovarian oestrogens is as follows : Acetate -Cholesterol -* Pregnenolone -* Progesterone -*· 17a-Hydroxyprogesterone Oestradiol-17/3 Partial confirmation of this proposed scheme has come from the in vivo studies of Edgar [1953] , who demonstrated the presence of progesterone in follicular fluid, and Zander [1958] , who isolated 17a-hydroxyprogesterone and androstenedione from the same source. However, the role of 19-hydroxyandrostenedione as an intermediate in oestrogen biosynthesis is still somewhat problematical ; this compound has never been isolated from ovarian tissue in vivo or in vitro, and the way in which it is converted to oestrone is not known. Furthermore, it is generally assumed that oestradiol-17/3 is the principal ovarian oestrogen, but this assumption is based on very limited experimental evidence.
It therefore seemed worth while to investigate the steroids present in a large quan¬ tity of follicular fluid, such as can readily be obtained from the ovaries of mares slaughtered during the spring and summer months. Preliminary investigations showed that the blood progesterone method previously described [Short, 1958] could be adapted for the simultaneous determination of oestrogens, androgens and corticoids; when this technique was applied to 100 ml. mare follicular fluid, the re¬ sults suggested that a number of phenolic and non-phenolic steroids were probably present [Short, I960] .
In the present study, an attempt has been made to isolate and identify as many of these steroids as possible, thereby providing further information on the nature and possible mode of biosynthesis of the ovarian oestrogens.
MATERIAL AND METHODS

Reagents and apparatus
All solvents were distilled before use except the absolute ethanol, which was James Burrough's A.R. quality Alcohol Dehydratum. With [Short, 1958] [Zaffaroni, 1953] ; (4) 50% methanol:benzene, run at 31°C for 15 hr [Bush, 1952] .
Steroids were eluted from the paper with 5 ml. absolute methanol, and the cnß-unsaturated oxosteroids were measured in the spectrophotometer using a calibration curve constructed for progesterone, as described previously [Short, 1958] . Oestradiol The extraction was carried out on a 500 ml. sample of follicular fluid, representing material collected from a number of mares at various stages of the oestrous cycle. After thawing, the follicular fluid was titrated to a pH of 10-0 with N-NaOH solution (11-2 ml.), using a pH meter. It was then extracted with two 500 ml. portions of ether, followed by two 500 ml. portions of ethyl acetate. These extracts were com¬ bined, washed once with 20 ml. water, and evaporated to dryness in vacuo below 60°C. The residue was then dissolved in 1 ml. warm ethanol, followed by 25 ml. benzene, and transferred to a 100 ml. separating funnel containing 25 ml. 40-60°C b.p. light petroleum. This was then extracted twice with 25ml. water ('oestriol fraction'), and twice with 25ml. 1-6% NaOH foestradiol + oestrone fraction'), according to the method described by Brown [1955] . The benzene-light petroleum mixture remaining in the separating funnel ('non-phenolic fraction ') was then washed with water until neutral, and evaporated to dryness in vacuo at 50°C.
'Oestriol fraction'. The pooled aqueous extracts (50 ml.) were re-extracted with ether (4 50 ml.). These ether extracts were then combined and evaporated to dry¬ ness on a warm water bath ; the residue after evaporation was redissolved in a small volume of methanol and transferred to a sheet of chromatography paper. Reference spots of 5 tig cortisol and oestriol were applied to another part of the paper, and the chromatogram was developed in system (4).
'Oestradiol + oestrone fraction'. The pooled alkaline extracts (50 ml.) were made weakly acid by the addition of 22 ml. n-HCI, and were then extracted with ether (4 50 ml. When the chromatogram was examined in u.V. light, there was also evidence of a compound with an RF value similar to that of oestriol, and from the results of an earlier experiment [Short, 1960] , it seemed likely that it was phenolic in nature. Since oestriol itself has never been identified in the horse, an attempt was made to establish the identity of this compound. On elution from the paper, it showed a well-defined absorption maximum at 282 m/x, characteristic of the naturally occurring oestrogens. However, after treatment with cone. H2S04 for 2 hr at 25°C, it showed pronounced absorption maxima at 300, 360-365, 430 and 450 m/x ; this was in sharp contrast to the sulphuric acid chromogen spectrum of oestriol, which only showed maxima at 305 and 445 m/x. When this oestrogen-like steroid was treated with the oestriol Kober reagent, the resultant chromogen had an absorption maximum at 505 µ, whereas the true oestriol chromogen maximum is at 514 m/x. Furthermore, it was found that the intensity of the Kober colour was greatest when the unknown was treated with the oestradiol Kober reagent (maximum absorption at 510-512 m/x), it was somewhat less with the oestrone reagent (maximum absorption at 510-512 m/x), and it was least with the oestriol reagent.
These results therefore demonstrate that there is a weakly phenolic oestrogen-like steroid present in mare follicular fluid which is not identical with oestriol. From its sulphuric acid chromogen spectrum and Kober colour reaction it would appear to be more closely related to oestradiol (see below), although its polarity suggests that it probably has a third hydroxyl group. ' Oestradiol + oestrone fraction ' After development in system (3), the appropriate areas of the chromatogram corresponding in RF value to the reference spots of oestradiol-17/3, oestradiol-17a, equilenin, equilin and oestrone were cut out and eluted with methanol. Each of these eluates was then evaporated to dryness, and redissolved in 20 ml. water; they were then extracted with benzene (3 10 ml.), and the benzene extracts in turn evaporated to dryness. This procedure was necessary in order to remove the formamide that was eluted from the chromatography paper. Finally, the benzene residues were redissolved in varying volumes of absolute methanol, and the optical densities recorded in the spectrophotometer from 220 to 300 m/x; only the oestradiol-17/3 and oestrone fractions showed pronounced absorption maxima at 282 m/x, charac¬ teristic of aromatic compounds including the oestrogens. The oestradiol-17a fraction showed a very weak absorption at 282 m/x, and since the separation of oestradiol-17/3 from oestradiol-17a was only just complete in this Chromatographie system, half the oestradiol-17a eluate was re-chromatographed in system (3). On spraying the chro¬ matogram with Folin and Ciocalteu's reagent a few /xg of oestradiol-17ß were detected, but no oestradiol-17a.
In order to assess these results in a more quantitative manner, the appropriate Kober reagent was added to each of the eluates. Both the oestradiol fractions gave chromogens with maxima at 515 m/x, cf. authentic oestradiol-17/3, 513 m/x; the oestrone chromogen showed a maximum absorption at 518-519 m/x, cf. authentic oestrone, 514 m/x. The entire equilenin and equilin eluates were treated separately with the oestrone Kober reagent, but neither gave a characteristic absorption spectrum ; equilenin should show an absorption maximum at 497 µ, and equilin at 507 m/x. From these results it was concluded that oestradiol-ß and oestrone were present in the follicular fluid, but not oestradiol-17a, equilenin or equilin.
As further proof of the identity of the oestradiol-17/3, some of the eluate was treated with cone. H2S04 for 2 hr at 25°C. The chromogen so formed showed maxima at 310, [365] [366] and 424 m/x, which corresponded closely to the maxima of authentic oestradiol-17 ß at 302, 367 and 425 m/x. In addition, the mono-and di-acetates were prepared by treating some of the eluate with a mixture of acetic anhydride and pyridine (1 : 50) for 15 hr at 25°C [Gorski & Erb, 1959] , and these were run on a chromatogram in system (1), together with the mono-and di-acetates of authentic oestradiol-17/3 which had been prepared in the same way. After chromatography, the acetates were hydrolysed on the paper by treatment with dioxane and HC1 vapour [West, Damast & Pearson, 1958] , and detected by the use of Folin and Ciocalteu's reagent. The RF values of the two acetates were identical with those of the monoand di-acetates of oestradiol-17/3. The five areas A-were then cut out, eluted, and measured in the spectrophotometer from 220 to 260 m/x; they all showed a maximum absorption at 240 m/x characteristic of the /3-unsaturated ketones. In order to establish the identity of these five compounds, a number of additional tests were carried out.
Area A. The sulphuric acid chromogen spectrum of the compound eluted from this area showed a maximum absorption at 291 m/x. After treatment with sodium borohydride in the cold [Norymberski & Woods, 1955 ; Zander, 1958] , the major reduction product was a compound with the same RF value as 20/3-hydroxypregn-4-en-3-one, although small amounts of the 20a epimer were apparently formed as well. When the former compound was treated with acetic anhydride and pyridine (1:1), the acetate so formed was found to have the same RF value as 20/3-acetoxypregn-4-en-3-one in system (1). Furthermore, when the chromatography paper was treated with KOH and m-dinitrobenzene, it gave the same blue colour as 20/3-acetoxypregn-4-en-3-one. From this it was concluded that area A contained progesterone.
Area B. The sulphuric acid chromogen spectrum of the compound eluted from this area showed a maximum absorption at 296 m/x. After reduction with sodium borohydride in the cold, it gave a compound with an RF value identical to that of testosterone, and on acetylation of this reduction product with acetic anhydride and pyridine (1:1) its RF value was identical with that of testosterone acetate. When the free compound was treated with KOH and m-dinitrobenzene, it gave the charac¬ teristic violet 17-ketosteroid colour reaction, but after reduction with sodium boro¬ hydride it gave a blue colour characteristic of /3-unsaturated ketones. It was there¬ fore concluded that area contained androstenedione.
Area C. The sulphuric acid chromogen spectrum of the compound eluted from this area showed an absorption maximum at 294-295 m/x. After treatment with acetic anhydride and pyridine, it failed to form an acetate, and when treated with KOH and m-dinitrobenzene it gave the characteristic violet colour of a 17-ketosteroid. It was concluded that this compound was not 20a-hydroxy-pregn-4-en-3-one, but prob¬ ably an /3-unsaturated 17-ketosteroid. Androsta-l:4-diene-3:17-dioneseemedalikely possibility, since this compound could conceivably be an intermediate in the conversion of androstenedione to oestrone. However, the RF value of androsta-l:4-diene-3:17-dione was considerably less than that of the unknown in system (1).
Area D. The sulphuric acid chromogen spectrum of the compound eluted from this area showed absorption maxima at 289 and 429-430 m/x, and authentic 17a-hydroxyprogesterone showed maxima at 288 and 430 m/x. After treatment with acetic anhy¬ dride and pyridine, it failed to form an acetate, indicating that neither deoxycorticosterone nor testosterone was present. When treated with KOH and m-dinitrobenzene it gave the pink Zimmermann colour characteristic of 17a-hydroxyprogesterone, and after reduction with sodium borohydride in the cold, it yielded a compound with the same RF value as 17a:20/3-dihydroxypregn-4-en-3-one in system (2). When acetylated with acetic anhydride and pyridine (1:1) this reduction product had the same RF value as 17a-hydroxy-20/3-acetoxypregn-4-en-3-one in system (1), and gave the same blue Zimmermann colour as this compound. It was therefore concluded that area D did in fact contain 17a-hydroxyprogesterone. Area E. The RF value of the compound eluted from this area was found to corre¬ spond to that of epitestosterone in system (1). The sulphuric acid chromogen showed a single absorption maximum at 298 m/x, and after treatment with acetic anhydride and pyridine, the acetate was found to have the same RF value as e^ntestosterone acetate in system (1). The acetate failed to form any oxidation product with chro¬ mium trioxide and pyridine [Poos, Arth, Beyler & Sarett, 1953] ; however, the free compound yielded a substance with the same RF value as androstenedione when treated in this manner. The blue colour produced with KOH and m-dinitrobenzene was identical to that given by^¿testosterone, and it was concluded that the compound present in area E was in fact e^wtestosterone.
The quantitative results of this study have been summarized in Table 1 . It will be seen that oestradiol-17/3 was the major component of the follicular fluid, followed by the unidentified oestrogen-like steroid, and there was very little oestrone. Of the non-phenolic steroids, androstenedione appeared to be the major component, although there was also a large amount of progesterone and 17a-hydroxyprogesterone.
Cortisol was present in the lowest concentration of all.
DISCUSSION
In order to interpret the results of this study, it is necessary to have a clear under¬ standing of the way in which follicular fluid is formed. Most investigators are agreed that its composition is almost identical with that of blood serum [Lutwak-Mann, 1954; Caravaglios & Cilotti, 1957; Zachariae & Jensen, 1958] , and it is therefore reasonable to regard follicular fluid as a filtrate of plasma that contains the steroids secreted by the cells of the theca interna. However, it is unlikely to act as a reservoir for the accumulation of these secretions; the blood-follicle barrier is obviously a very permeable one [Zachariae, 1958] , and the steroids would therefore tend to diffuse out of the follicle until equilibrium was established with the surrounding tissue fluids. The hormones present in follicular fluid at any time would therefore be expected to provide a good indication of the ratios of the various steroids secreted by the theca cells at that time.
The present study has established the identity of seven out of the nine steroids found in the follicular fluid of the mare, and the presence of five of them, namely progesterone, 17a-hydroxyprogesterone, androstenedione, oestrone and oestradiol-17/3, was only to have been expected in view of the current theories on the pathways of steroid biosynthesis in the ovary. However, the existence of the other four com¬ pounds requires some additional explanation.
Cortisol is probably not synthesized in the ovary itself, since no other 11-or 21-hydroxy steroids were found in this study. Its presence is best explained by assuming that it has diffused into the follicular fluid from the peripheral blood; the amount present tends to support this view.
The presence of e^'testosterone was an unexpected finding, and is more difficult to explain. Lindner [1959] has recently shown that androstenedione can be reduced to e^iitestosterone in vitro by incubation with ox or sheep blood. However, horse blood is unable to perform this conversion [Lindner, personal communication] , and e^iitestosterone should therefore be regarded as a specific product of the ovary, rather than as a tissue metabolite. It is presumably produced by the action of a stereo-specific 17a-reductase enzyme system on androstenedione, since testosterone itself, with its 17/3-hydroxyl group, was not found in this study. This enzyme system must also be substrate-specific, since oestrone is not converted to oestradiol-17a. Likewise, the 17/3-reductase enzyme system for the conversion of oestrone to oestra¬ diol-17/3 does not seem to be able to convert androstenedione to testosterone.
The detection of a new, as yet unidentified, polar oestrogen-like steroid was per¬ haps the most interesting finding of this study, and it is hoped to make its final identification the subject of a future communication. It is not known whether this oestrogen is confined solely to the mare, and too little material was available to permit a determination of its biological activity relative to that of oestradiol-17/3 and oestrone. In general, the ovary does not seem to produce any of the relatively in¬ active oestrogen metabolites that are found in the urine. For example, Zander et al. [1959] failed to detect oestriol, 16a-hydroxyoestrone, 16/S-hydroxyoestrone or 16-oxo-oestradiol-17/3 in human ovarian tissue, and in this study neither oestradiol-17a nor equilenin or equilin was found. It therefore seems likely that this unidentified oestrogen may be of some physiological significance.
The unidentified 17-ketosteroid that was found in the present study may possibly represent one of the intermediates in the conversion of androstenedione to oestrone.
As has already been indicated, it was not identical with androsta-1:4-diene-3:17-dione, and the fact that it did not form an acetate also eliminates the possibility of its being 19-hydroxyandrostenedione. 
